The most common etiologic agents of genital ulcer disease (GUD) are herpes simplex virus type 1 (HSV-1), HSV-2, Treponema pallidum, and Haemophilus ducreyi. In an outpatient clinic for sexually transmitted diseases in Amsterdam, The Netherlands, specimens from 372 patients with GUD were collected from February to November 1996. Sera were collected at the time of the symptoms and, for most patients, also during follow-up visits. Swabs in viral transport medium were used for HSV culture and for detection of DNA. The most prevalent pathogen found was HSV-2, which was detected by culture in 35% of the patients and by PCR in 48% of the patients. Also, HSV-1 infection was more often detected by PCR (7.8%) than by culture (5.6%). Evidence for an active infection with T. pallidum was found in 1.9% of the patients, using serological tests. A multiplex PCR for simultaneous T. pallidum and H. ducreyi DNA detection was positive for T. pallidum in 3.3% of the samples and for H. ducreyi in only 0.9% (3 out of 368) of the samples. The sensitivity of the PCR was superior to that of culture for HSV detection and to that of serology for T. pallidum detection. Specific H. ducreyi immunoglobulin G antibodies were detected in sera of 5.2% of the patients, with no concordance between serology and PCR. In 37% of the cases, none of the tested microorganisms was detected. Performance of PCR in addition to conventional techniques significantly improved the diagnosis of GUD.
The annual global incidence of genital ulcer disease (GUD) probably exceeds 20 million cases. Four infectious agents have so far been identified as common causes of GUD: herpes simplex virus type 2 (HSV-2), HSV-1, Treponema pallidum, which is known to cause syphilis, and Haemophilus ducreyi, which causes chancroid. In developing countries, leading causes of GUD are infections with H. ducreyi, followed by infections with T. pallidum and HSV infections. The situation is different in European countries and North America, where HSV-2 infection is the leading cause of genital ulcers. Genital ulceration has been associated with an increased risk for human immunodeficiency virus type 1 (HIV-1) infection: significant associations with chancroid and syphilis were reported, but the main association was with HSV-2 (3, 4, 7) . Active coinfection with HIV-1 and HSV-2 seems to accelerate the progression to AIDS. Also, the transmission of HIV-1 may be facilitated because an increased HIV-1 viral load in blood, plasma, and semen was found in the presence of genital ulcers due to HSV-2 (6) . HIV-1 DNA was detected in 34% of the ulcerative lesions in a study in Pune, India (7) .
Genital ulcers may present themselves in various forms. The classic lesion of primary syphilis, the chancre, is a single, painless, indurated ulcer with a clean base and is caused by active infection with T. pallidum (8) . The herpetic lesion is characterized by multiple painful lesions which may be recurrent (14) .
There is, however, significant variability in morphologic presentation, making the clinical interpretation unreliable when used without confirmatory laboratory tests (23) .
Different laboratory tests can be used to discriminate between the causative agents of GUD, and each test differs with respect to sensitivity, specificity, and turnaround time (24) . Culture provides direct evidence for infection and is the "gold standard" for HSV detection, but it may take up to 1 week to get a definitive negative result. Positive results can be obtained within 2 days, and the differentiation into HSV-1 or HSV-2 is possible by using monoclonal antibodies (9) . Direct detection of HSV antigen by immunoassay also enables a fast diagnosis; however, the sensitivity of immunoassay is considerably lower than that of culture or PCR (24) .
H. ducreyi is a fastidious microorganism that is detected by a rather problematic culture technique. Nevertheless, culture is the gold standard for H. ducreyi detection. In vitro culturing of T. pallidum is not possible at all. T. pallidum can be detected by dark-field microscopy examination, but this is a specialized test that is not routinely performed. Serology provides a suitable and accepted method for the diagnosis of syphilis. The most commonly used tests are T. pallidum-specific serological tests, like a T. pallidum hemagglutination assay (TPHA) and FTA (fluorescence test) in combination with a rapid reagin test (RPR) which is not T. pallidum specific. A positive RPR is considered indicative of an active infection.
In the past decade, amplification techniques such as PCR have been developed to detect many different infectious agents, including HSV-1, HSV-2, T. pallidum, and H. ducreyi (16, 22, 26) . PCR can be performed for each agent separately or, more efficiently, by a multiplex assay (11, 12, 18) . The advantages of PCR are the direct detection of the pathogen itself, the high sensitivity, and the potentially short turnaround time. A disadvantage is that it should be performed with great care to prevent carryover contamination.
In a collaborative study of the Public Health Laboratory in Amsterdam, The Netherlands, and the Laboratory for Infectious Diseases at the RIVM in Bilthoven, The Netherlands, the diagnosis of GUD by PCR was introduced and compared to standard culture and serology tests. Patient samples were obtained from a clinic for sexually transmitted diseases in Amsterdam, The Netherlands. We aimed to show that PCR improves the detection of etiologic agents of GUD by shortening the turnaround time and increasing the sensitivities of laboratory tests.
MATERIALS AND METHODS
Study population and clinical management. At the outpatient clinic for sexually transmitted diseases (STDs) in Amsterdam, The Netherlands, between February and November 1996, patients who presented with a clinical picture of genital ulcers were included, as evidenced by disruption of genital mucous membranes or epithelium. Patients with a history of syphilis, evidenced by a positive serology, were included. Patients with lesions and a clinical history of herpetic genital lesions were excluded from this study. In total, 372 patients (151 women and 221 men) were included. Complete sets of samples were obtained from 368 participants. Most had the Dutch nationality (73%); other countries of origin were Ghana (2%), the United States (2%), Suriname (2%), Morocco (1%), the former Soviet Union (1%), and England and Wales (1%). Other nationalities (32 different countries) each composed less than 1% of the study population.
When the ulcers were suspected to have been caused by T. pallidum (estimated at 10% of the patients), dark-field microscopy was performed. Clinical management and treatment schemes were registered, and the diagnosis was made after the laboratory results were obtained. If no causative microorganism was detected, the diagnosis of genital ulcus of unknown cause was made. For most patients (Ͼ60%), follow-up samples and data were present at the end of the study, from one or two visits, after the first consultation up to new consultations each half-year until October 1999 (censor date). Genital lesions were swabbed, and swabs were stored at 4°C for less than 16 h until transport at ambient temperature to the Laboratory of Public Health in Amsterdam, together with corresponding serum samples. In the Laboratory, samples were processed immediately.
HSV culture. Genital swabs were collected in virus transport medium consisting of minimum essential medium (MEM)-Hanks balanced salt solution (Gibco BRL, Life Technologies, Breda, The Netherlands) supplemented with 10% fetal bovine serum, streptomycin (100 g/ml), and vancomycin (100 g/ml). Specimens (200 l) were inoculated on diploid human embryonic fibroblast (HFL) cells (RIVM, Bilthoven, The Netherlands) in culture tubes. The HFL cells were maintained in MEM-Hank's medium supplemented with gentamicin (60 g/ml) and 3% fetal calf serum at 37°C. HSV infection was identified by the cytopathic effect, and viruses were typed by immunofluorescence using HSV-1-and HSV-2-specific monoclonal antibodies (SYVA Co., Palo Alto, Calif.).
Serology. For the diagnosis of T. pallidum, three different serological assays were used. All sera were screened using a TPHA (Fujirebio, Tokyo, Japan). If positive, an RPR (Biomerieux, Marcy l'Etoile, France) was performed and the fluorescent treponemal antibody absorption test (FTA-Abs) (Trepospot IF; Biomerieux) was used for further confirmation.
A patient was considered positive for T. pallidum if positive TPHA and FTAAbs results were obtained in combination with an RPR titer of Ն1:8 and no recent treatment for syphilis was documented. Positive TPHA and FTA-Abs results in combination with an RPR titer of Ͻ1:8 were also considered evidence of a T. pallidum infection if a greater RPR titer was obtained in a follow-up sample. Finally, a patient with positive dark-field microscopy was considered T. pallidum positive irrespective of serological results. Positive TPHA and FTA-Abs results and negative or stable low titers in the RPR were considered evidence of a treated infection in the past.
To detect H. ducreyi-specific immunoglobulin G (IgG) antibodies, 5 l of serum was used as previously described (21) . Serum samples taken 1 to 4 months after the swab was obtained for culture and PCR were also tested for H. ducreyispecific antibodies in 38% of the patients (follow-up sera taken within 1 month after clinical presentation). H. ducreyi-specific serology was determined at the Institute of Tropical Medicine, Antwerp, Belgium.
DNA isolation of genital ulcer swabs. The EASY DNA kit (Invitrogen, Groningen, The Netherlands), based on lysis and precipitation, was used to extract DNA from 320 l of virus transport medium according to the instructions of the manufacturer. DNA was finally precipitated with 96% pure ethanol in the presence of a coprecipitant (See DNA; Amersham). The pellet was dissolved in 100 l of solution of 10 mM Tris-HCl-1 mM EDTA and was stored at Ϫ80°C until amplification. Positive controls consisting of 320 l of a suspension of HSV-1 strain F, ATCC VR733, and HSV-2 strain G, ATCC VR734, at 0.2 50% tissue culture infective doses/l and 200 HEp-2 cells/l were included in each series. Negative controls (Hanks solution) were included for isolation after each patient sample was processed.
HSV type-specific PCR. Conserved primer sequences were chosen on the basis of alignment of the gB and IE2 genes of all registered HSV-1 and HSV-2 sequences in GenBank as described previously (10) . Primers that detect both HSV-1 and HSV-2 sequences are HSVIE2-U1 and HSVIE2-L1 for the IE2 region and HSVgB-U2 and HSVgB-L2 for the gB gene. The viruses could be discriminated using specific biotin-labeled probes for the IE2 region, HSV1-IE2-P1 for HSV-1 detection and HSV2-IE2-P1 for HSV-2 detection, and for the gB region, HSV1gB-P1/2 for HSV-1 detection and HSV2gB-P1/2 for HSV-2 detection (10) .
Five microliters of DNA solution (approximately 100 ng) was used per PCR. Composition of the PCR reagent mixture, the cycling conditions (hot start, touch-down PCR), and detection by hybridization were as described. Typespecific hybridization was achieved by incubating at 70°C in hybridization solution including 5 or 10% formamide (10) . Multiplex T. pallidum and H. ducreyi PCR. We performed a nested multiplex PCR (M-PCR), using 5 l as the input DNA solution. Primer sequences for T. pallidum are located in the bmp gene and were described and validated by Noordhoek et al. (16) . Outer primers, with a fragment length of 617 bp, were TP7 (5Ј CTC.AGC.ACT.GCT.GAG.CGT.AG) and TP8 (5Ј AAC.GCC.TCC.A TC.GTC.AGA.CC). Inner primers, with a fragment length of 506 bp, were TP3 (5Ј CAG.GTA.ACG.GAT.GCT.GAA.GT) and TP4 (5Ј CGT.GGC.AGT.AAC .CGC.AGT.CT).
The primers for H. ducreyi are located in the 16S rRNA gene and have, in part, been published (18, 20) . Outer primers, with a fragment length of 960 bp, were HD07 (5Ј CAA.GTC.GAA.CGG.TAG.CAC.GAA.G) and HD roe2 (5Ј TCA.TCT .CTG.AGT.TCT.TCT.ATG). Inner primers, with a fragment length of 309 bp, were HD08 (5Ј TTC.TGT.GAC.TAA..CGT.CAA.TCA.ATT.TTG) and HD14 (5Ј TCG .GAT.TAA..AGG.GTG.GGA.CCT.T).
A buffer mixture with a 50-l total volume contained 10 mM Tris (pH 8.3), 50 mM NaCl, 0.01% gelatin, 400 pg of each of the four outer primers/l, 200 M deoxynucleoside triphosphates, 2 mM MgCl 2 , and 1 U of Silverstar Taq polymerase (Eurogentec, Maastricht, The Netherlands). The cycling program was as follows: 1 cycle of 5 min at 94°C, 30 cycles of 30 s at 95°C, 30 s at 58°C, and 1 min at 72°C, and a final step of 7 min at 72°C.
For the nested step, 2 l of outer PCR product was added to a mixture that was identical except that it contained 800 pg of each of the four inner primers/l and had a total volume of 25 l. The cycling conditions were almost identical to those of the outer PCR, except for an annealing temperature of 55°C. The nested PCR product (6 l) was analyzed on a 10% polyacrylamide gel by using ethidium bromide staining.
The inner PCR improved the sensitivity and served also as a specificity control to obtain bands with the correct sizes. End point dilutions of spectrophotometrically quantified isolated DNA from defined T. pallidum and H. ducreyi cultures were used to determine the sensitivity of the multiplex T. pallidum-H. ducreyi PCR to detect T. pallidum and H. ducreyi sequences simultaneously. The limit of detection was 2 fg of T. pallidum DNA (corresponding to single genomes) and 10 ng (about 5,000 genomes) of H. ducreyi DNA. The specificity of the T. pallidum primers was excellent (100% negative for nontreponemal DNA samples from bacteria, viruses, human tissue, and total intestinal flora) (16) .
Evaluation of results. We defined an active infection with HSV (true positive patient status) when culture and PCR were both positive or when follow-up PCR or culture data were conclusive for HSV infection. For T. pallidum, patients with discordant test results were considered to have an active syphilis infection if the PCR was positive and the dark-field microscopy result (when available) was positive and/or if PCR was positive and the follow-up sera were positive (see serology section). The sensitivity of an assay is the number of true positive results using that assay relative to the total number of true positives (defined by patient status); for specificity, "positive" translates into "negative" in the above sentence. The positive predictive value (PPV) was calculated as the number of true positives as scored by the assay relative to the total number (true and false) of positive results by that assay; for the negative predictive value (NPV), "positive" translates into "negative."
Statistics. Nonparametric tests were used to compare the results of the laboratory techniques; significance was achieved at a P value of Ͻ0.05 with a twosided test.
RESULTS

Detection of HSVs.
The most prevalent pathogen detected in the samples of the study population was HSV-2. By culture, 129 out of 372 patients (34.7%) were HSV-2 positive, whereas by PCR, 179 out of 372 (48.1%) patients were positive (Table  1 ). For HSV-1, 21 out of 372 patients (5.6%) were culture positive and 29 out of 372 (7.8%) were positive by PCR. The difference between culture and PCR detection rates was statistically significant for both HSV-2 and HSV-1 (P Ͻ 0.01, McNemar test). Culture and PCR results were significantly related for both types of viruses (P Ͻ 0.001, the Fisher exact test; Table 1 ). There was no significant difference in the HSV prevalences between men and women.
Detection of T. pallidum and H. ducreyi. The results for detection of T. pallidum and H. ducreyi are shown in Table 2 . Three patients were T. pallidum positive by PCR and had positive serological results, indicative of an active T. pallidum infection. Four additional patients had samples that were serologically positive, according to the criteria, but were T. pallidum PCR negative. On the other hand, nine persons had samples that were T. pallidum PCR positive but were serologically negative. PCR and serology were significantly related (P Ͻ 0.01, the Fisher exact test). The proportion of PCR positives was not significantly higher than the proportion of serology positives (P ϭ 0.27, McNemar test).
In one patient, ulcus molle (known to be caused by H. ducreyi) was diagnosed in the clinic (morphologically). Samples of this patient were H. ducreyi PCR positive. In total, three patients had samples (0.9%) that were H. ducreyi PCR positive and 18 (5.2%) were serologically positive. These numbers differed significantly (P Ͻ 0.002, McNemar test). However, none of the patients had samples that were positive for both H. ducreyi PCR and IgG serology. The two tests were not correlated (P ϭ 1.0, the Fisher exact test).
There was a significant correlation between a positive H. ducreyi serology and the country of origin of the patient. Patients with a positive H. ducreyi serology significantly more frequently had a non-European country of birth: 8 out 18 (44.4%) versus the total population, 64 out of 346 (18.5%) (P Ͻ 0.01, the Fisher exact test).
Sensitivity and specificity. In the case of HSV-1, eight patients had PCR-positive and culture-negative results ( Table 1) . Two of these could be confirmed as true positives (positive PCR or culture test result at a later time point), and two could be confirmed as true negatives. The other four lacked follow-up data to determine if they were truly positive or negative. In the calculations for sensitivity and PPV, these results were counted as true negative results to be conservative for the validity of the PCR (Table 3) .
For HSV-2, there were 54 patients with a discordant test result (52 were only PCR positive and 2 were only culture Table 1 ). Analysis of follow-up samples and thorough reviewing of the clinical data showed that 19 of these could be considered true HSV-2-positive patients. One was truly negative, whereas the information for 34 patients was too limited to decide upon the patient status (only one visit to the clinic); these 34 were again considered negative (Table 3 ). The prevalences for HSV infections in the Amsterdam STD population was thus 23 out of 372 (6.2%) patients positive for HSV-1 and 146 out of 372 (39.2%) patients positive for HSV-2. For T. pallidum, the 13 patients with discordant test results between PCR and serology were all considered to have an active syphilis infection (as defined in Materials and Methods) and were counted as true positives in addition to the three patients that were PCR and serology double positive. The prevalence of T. pallidum amounted to 16 out of 364 (4.4%) in this study population.
For H. ducreyi, the sensitivity and specificity calculations could not be made because the PCR and the serology were not correlated at all. Each test clearly measured a different phenomenon.
For Table 3 , the test characteristics were calculated according to the patient status as defined above. For both HSVs, the PCR was more sensitive than culture (i.e. for HSV-2 and HSV-1, sensitivities were 99 and 100% for PCR versus 88 and 91% for culture, respectively). The specificity and the PPV were superior for culture, whereas the NPV was high for both techniques (93 to 100%). Also, for T. pallidum detection, the sensitivity of the PCR (75%) was considerably higher than the sensitivity of serology (44%). The specificity, PPV, and NPV were very high for both assays, up to 100%.
None or several pathogens. In 139 out of 372 (37.4%) patients, no infectious organism was found, as all tests on the different specimens were negative. In contrast, in a number of patient samples, more than one pathogen was found. One of the patients with a positive serology and one patient with a positive PCR for H. ducreyi both also had positive evidence of HSV-2 infection (PCR and culture). In addition, two patients with a positive status for T. pallidum infection also had an HSV infection; one of them was HSV-1 positive and the other was HSV-2 positive. So, in total, 4 out of 372 (1.1%) patients had definite evidence for the presence of two causative agents.
DISCUSSION
The prevalences of each of the causative agents of GUD in this Amsterdam study in comparison to other studies are discussed below.
H. ducreyi. The prevalence of H. ducreyi infection, as measured by PCR in the present study, among attendees of an STD clinic in Amsterdam, The Netherlands (0.9%), was much lower than that reported by others in some cities in the United States. Mertz et al. (11) reported 20% in Memphis, Tenn., and 12% in Chicago, Ill., using a similar M-PCR. Also, in New Orleans, La., the H. ducreyi prevalence among STD clinic attendees with genital ulcers was 21% (18) . However, in other U.S. cities like New York, N.Y., St. Louis, Mo., Dallas, Tex., and Houston, Tex., no positive cases at all (0%) were found by M-PCR. In developing African countries, high to very high prevalences of H. ducreyi infection were detected among patients with genital ulcers by using M-PCR. In Antananarivo, Madagascar, the prevalence was 33% (1), 36% in Tanzania (26) , 56% in Lesotho (8) , 60% in Dakar, Senegal (25) , and even 80% in an earlier study performed in Lesotho (13) . In Pune, India, H. ducreyi was also the most prevalent cause of GUD. It was found in 26% of the samples of STD patients as measured by M-PCR (19) . In northern Thailand, however, where STD clinic attendees with genital ulcers were also studied with M-PCR, findings similar to those of our Amsterdam study were described: none of 38 specimens were positive for H. ducreyi, and the majority were positive for HSV (2) . In contrast, a serological case-control study performed in northern Thailand among military men with and without HIV infection showed a high prevalence of antibodies to H. ducreyi, being 23 to 38% dependent on the history of genital ulceration (15) .
The absence of a correlation between H. ducreyi detection by PCR and detection by serology, both in the present study and in the studies in Thailand, for example, indicates that the tests refer to different phenomena. To demonstrate active H. ducreyi infection, an IgM test might be useful, but in our study we had only the disposition of an IgG H. ducreyi test, which, if positive, may indicate an infection that occurred a few weeks to several years ago. It is probable that only PCR detects the causative agent. In our study among visitors to an STD clinic in Amsterdam, patients with active disease due to H. ducreyi were thus determined to be very rare.
T. pallidum. In most countries around the world, syphilis ranks as the second most frequent cause of GUD, with a worldwide prevalence in patients of 2 to 25%, depending on the study population. In the STD clinic in Amsterdam, The Netherlands, the prevalence was 3.3% as measured by PCR and 1.9% as determined by serology in a partially overlapping patient group (0.8%) with primary genital ulcers. In the United States, much higher prevalences of T. pallidum were found in patients with GUD: 25% in New Orleans, La. (18) , with a median of 9% and a range of 0% (in Los Angeles, Calif.) to 30% (in Memphis, Tenn.) (11) . In different parts of Africa, the prevalence of syphilis varies also: 23% in Lesotho (8), 15% in Dakar, Senegal (25) , both by PCR and by serology, and 4% in Lagos, Nigeria (5) . In a small study among 31 patients with GUD in northern Thailand, none of the patients were T. pallidum positive by M-PCR (2).
HSV-2 and HSV-1. Infection with HSV was the most commonly diagnosed cause of genital ulceration in the present study, with an established prevalence of 39% and a measured prevalence of 48% by PCR. High prevalences were also reported for patients with GUD in other European countries and North American cities. At a recent annual meeting of the International Herpes Management Forum, 5 to 40% of various populations in Europe were reported to be positive for HSV-2, whereas among STD clinic attendees in Sweden, 14 to 90% were found HSV-2 positive. HSV-2 infection has now been recognized as a very important marker for HIV-1 infection. Many herpes infections remain unrecognized because the symptoms are subclinical. HSV persists indefinitely, can be shed for years, and can be reactivated. This is probably one of the reasons that the prevalence of genital herpes in developing countries increased in recent decades (17) . Because of the possible mutual stimulation of disease symptoms by HIV-1 and HSV-2, HSV infections should be treated when lesions are recognized. HSV-1 is increasingly recognized as an etiologic agent for GUD. In the present study, it was the second most frequently diagnosed microorganism (7.6% as measured by PCR). It is important to use type-specific tests that clearly distinguish between HSV-2 and HSV-1 because the mode of transmission probably differs for the two types of viruses. HSV-1 can be shed more easily and to higher titers than HSV-2, which is more intricately associated with the cytoskeleton matrix element actin (B. Sathananthan, V. Aspehaug, N. Langeland, A. Nylund, and L. Haarr, Abstr. 15th Nordic Virus Symp., abstr. 7, 2000) .
Advantages of PCR in GUD diagnosis. Using clinical symptoms only, the identification of the etiologic agent was difficult. Using clinical and standard laboratory data, such as culture and serology, the diagnostic accuracy improved, but introducing PCR was a further improvement for laboratory diagnosis in the sense that there were fewer patients with genital ulcers for whom no definite cause was found. Also, the turnaround time was shortened from up to 1 week for herpes virus culture to 1 to 3 days for PCR. Of course, turnaround time depends also on the frequency with which an assay is performed; culture is always started within hours after arrival in the laboratory, whereas PCR is mostly performed batchwise and should be performed at least three times a week to provide quick results. On top of this, the PCR was significantly more sensitive than culture of HSV, even when the discordant PCR-positive, culture-negative samples were considered negative in our study.
The T. pallidum serology was fast, but only useful when the infection was not very recent; T. pallidum PCR performed early in infection was more informative. For H. ducreyi diagnosis, it is probable that only a positive PCR result can be considered indicative of an active H. ducreyi infection. So, when the costs of diagnosis are comparable and the PCR can be performed on a regular basis (i.e., three times per week), PCR detection will become the gold standard for GUD diagnosis.
